Histone genes were knapped to at least three human chromosomes by Southern blot analysis of DNAs from a series of mouse-human somatic cell hybrids (using 32p-labeled cloned human histone DNA as probes). Chromosome assignment was confirmed by in situ hybridization of radiolabeled histone gene probes (3H-labeled) to metaphase chromosomes. One human histone gene cluster (AHHG41) containing an H3 and H4 gene resides only on chromosome 1, whereas other clusters containing core (H3, H4, M2A, and H2B) alone (XHHG17) or core together with HI histone genes (AHHG415) have been assigned to chromosomes 1, 6, and 12. These results suggest that the multigene family of histone coding' sequences that reside in a series of clusters may be derived from a single cluster containing one each of the genes for the five principal classes of histone proteins. During the course of evolution, a set of events, probably involving reduplication, sequence modifil cation, and recombination, resulted in the present pattern of human histone gene distribution among several chromosomes.
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Human histone genes are represented as a family of moderately repeated sequences with variations in the structure, organization, and regulation of the different copies (1) (2) (3) (4) (5) . Functionally, there are three classes of histone genes, with the expression of most of the genes coupled with DNA replication (6) (7) (8) , =10% expressed in a non-cell-cycle-dependent manner (9, 10) , and several nonexpressed pseudogenes (3) . Our present understanding of human histone gene organization is based on analysis of a series of cloned 15-to 20-kilobase (kb) human genomic DNA segments containing one to five core or core plus HI histone genes (1) (2) (3) (4) (5) 11) . The human histone genes are represented by at least 11 different types of these cloned clusters, and there is no evidence of a simple tandem repeat as observed for the histone genes expressed early during development in several lower eukaryotes (12, 13) . Other mammalian histone genes appear to be organized in a manner similar to that in humans (14, 15) . Yet, to date, the structural relationship between these histone gene clusters remains to be resolved.
MATERIALS AND METHODS
Somatic Cell Hybrids. The construction and characterization of the various somatic cell hybrids have been reported (16, 17 
RESULTS AND DISCUSSION
We have previously shown, by Southern blot analysis and in situ hybridization, that a human histone gene cluster containing an H3 and H4 histone gene is located on the long arm of chromosome 1 (18) . To examine further the overall organization of human histone genes, we investigated whether components of this multigene family reside on one or more chromosomes. Our experimental approach to mapping specific histone gene clusters to human chromosomes involved subcloning DNA fragments containing histone genes from three classes of genomic DNA segments ( Fig. 1) (1, 2). These DNA fragments were used as 32P-labeled (nick-translated) Abbreviation: kb, kilobase(s).
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. probes for Southern blot analysis of DNAs from an extensive series of mouse-human somatic cell hybrids with limited numbers of human chromosomes and the complete complement of murine chromosomes (16, 17) . Restriction digests of DNAs from hybrid cells were selected so that the resulting fragments containing the human and murine histone sequences could be distinguished, ahd at the same time the specific copy of the human histone gene used as the hybridization probe could be identified. In situ hybridization of 3H-labeled human histone gene probes to human metaphase chromosome spreads provided results that are consistent with chromosome assignments by Southern blot analysis of somatic cell hybrid DNAs. 1 The chromosomal localization of the XHHG415 histone gene cluster is supported by in situ hybridization studies, using as a probe the pFNC16A H1 histone gene fragment subcloned from XHHG415, 3H-labeled by nick-translation. Metaphase chromosome preparations from peripheral blood cultures of a normal male were denatured and hybridized with the radiolabeled H1 histone probe. After autoradiography, the chromosomes were G-banded through the emulsion. One hundred metaphase spreads were analyzed for grain location, and 162 grains were identified over chromosomes. Several chromosomal sites of hybridization were noted: 21 grains (13%) were over chromosome 6 (p12-# q16), 16 grains (10%) were over chromosome 12 (p11.2-. q21), and 12 grains (7.4%) were over chromosome 1 (cent -* q31) (Fig.   3A) . Each of these regions is approximately the length of chromosome 18, which for the sake of comparison had only 4 grains or 2.5% hybridization. This signal is considered to be nonspecific background. These results, represented in a histogram (Fig. 3A) and illustrated schematically in chromosomal idiograms (Fig. 3B ), are consistent with the somatic cell hybrid data, which suggest that there are multiple loci for this H1 histone-containing gene cluster, including sites on chromosomes 1, 6, and 12. It is possible that the pFNC16A Hi histone gene probe will hybridize in situ with other human HI histone genes. However, the presence of =800 nucleotides of flanking sequences in the probe and the amino acid sequence differences among various members of the H1 histone family would suggest that the probe will detect primarily the XHHG415 HI histone gene.
The next most frequently represented site of hybridization was chromosome 7 (pter -* qil), which had nine grains hybridization studies and previous studies using either a histone mRNA-enriched RNA fraction from human cells (19) or sea urchin complementary RNA (20) suggest that other histone genes may be located on chromosome 7. Possibly, the low grain count over chromosome'7 represents cross-hybridization of the pFNC16A HI probe with other members of the Hi gene family. Another 
